A myoglobin evolved from indoleamine 2,3-dioxygenase.
Hemoglobins and myoglobins are some of the best studied proteins. They are distributed in animals, plants and bacteria, and the characteristic two intron-three exon structure is widely conserved in animal globin genes (Jhiang et al., 1988). To date, all of the hemoglobins and myoglobins are believed to have a common origin, and so they are considered to be homologous. We have isolated a completely new type of myoglobin from the red muscle of the abalone Sulculus diversicolor aquatilis. The myoglobin consists of an unusual 41 kDa polypeptide chain, contains one heme per chain and forms a homodimer under physiological conditions. The cDNA-derived amino acid sequence of Sulculus myoglobin showed no significant homology with any other globins, but, surprisingly, showed high homology (35% identity) with human indoleamine 2,3-dioxygenase, a tryptophan degrading enzyme containing heme. This clearly indicates that Sulculus myoglobin evolved from a gene for indoleamine dioxygenase, but not from a globin gene. Sulculus myoglobin lacks the enzyme activity of indoleamine dioxygenase. However, in the presence of tryptophan, the autoxidation rate of oxymyoglobin was greatly accelerated, suggesting that a tryptophan binding site remains near or in the heme cavity as a relic of the molecular evolution.